Alterations in the hepatic insulin receptor kinase in genetic and acquired obesity in rats.
Obesity is associated with insulin resistance and type II diabetes mellitus. In the present study, we have characterized hepatic insulin receptor function in two animal models of obesity: the Zucker fatty rat (ZFR), a model of genetic obesity with severe hyperinsulinemia, and the Sprague-Dawley rat with dietary obesity, a model of acquired obesity. Zucker fatty rats were also treated with streptozotocin (STZ) in an effort to examine the effects of relative insulin deficiency and hyperglycemia in the setting of obesity. Using wheat germ agglutinin-purified insulin receptor extracted from liver, no significant difference in insulin binding was identified in either model of obesity. beta-Subunit autophosphorylation was significantly decreased in both obese models relative to that in controls (72% in the obese ZFR and 49% in the overfed Sprague-Dawley model). Kinase activity, as measured by phosphorylation of the 1142-1153 synthetic peptide, was also decreased in both models of obesity by 22% and 64%, respectively. In the Zucker rat, STZ treatment led to an 80% increase in receptor concentration and a further 70% increase in beta-subunit autophosphorylation per receptor, whereas tyrosine kinase activity toward substrate was not altered. Since kinase activity is closely linked to autophosphorylation, we determined the fraction of autophosphorylated (activated) receptors vs. non-phosphorylated (inactive) receptors by using antiphosphotyrosine antibody to precipitate receptors bound with [125I]insulin. There was no significant difference in the percentage of activated insulin receptors in the dietary obese, ZFR, or STZ-treated Zucker rat vs. that in the controls. In all models, the percentage of activated receptors ranged from 32-46% of the total receptor pool. These data suggest that in genetic and acquired obesity, autophosphorylation of the beta-subunit is reduced and is a limiting factor in insulin receptor activation. A similar fraction of all receptors appears to undergo some level of autophosphorylation; however, full autophosphorylation and, thus, activation of the receptor do not occur, and this results in a decrease in kinase activity. This block in autophosphorylation may account for significant reductions in insulin receptor kinase function in obesity.